Polyfunctionalized heterocyclic compounds play important roles in the drug discovery process, and market analysis of drugs in late development shows that 68% of them are heterocycles.
1) Therefore, it is not surprising that research in the field of synthesis of polyfunctionalized heterocyclic compounds has received special attention.
Spirocyclic systems containing one carbon atom common to two rings are structurally interesting.
2) The asymmetric characteristic of the molecules due to the chiral spiro carbon is one of the important criteria of the biological activities. The presence of a sterically constrained spiro structure in various natural products also adds to the interest in the investigations of spiro compounds.
3) Spiro compounds represent an important class of naturally occurring substances and their characteristic is the highly pronounced biological properties. 4, 5) Uracil and its annelated substrates occupy a unique place in the field of medicinal chemistry as useful anticancer and antiviral drugs.
6) The versatility of uracil derivatives for the synthesis of nitrogen containing heterocycles of biological importance has been well documented in the literature. 7) A number of fused uracils of biological significance, such as, pyrano-, pyrido-, pyrazolo-, pyrimido-, pyridazino-pyrimidines have all been prepared by the functionalization of these important heterocyclic building blocks. 8, 9) As part of our program which aimed to develop new selective and environmentally friendly methodologies for the preparation of heterocyclic compounds, [10] [11] [12] [13] [14] [15] we performed the synthesis of spiro[pyrimido [4,5- 
-pentaone derivatives through a cyclo-condensation reaction employing water as the reaction medium. In fact, as clearly stated by R. A. Sheldon, it is generally recognized that "the best solvent is no solvent and if a solvent (diluent) is needed it should preferably be water."
16) The use of water as the reaction medium represent a remarkable benefit since this green solvent is highly polar and therefore immiscible with most organic compounds; moreover, the water soluble catalyst resides and operates in the aqueous phase and separation of the organic materials is thus easy.
Experimental
Apparatus Melting points were measured on an Electrothermal 9100 apparatus and are uncorrected. Mass spectra were recorded on a FINNI-GAN-MAT 8430 mass spectrometer operating at an ionization potential of 70 eV. IR spectra were recorded on a Shimadzu IR-470 spectrometer. 1 
Hand 13
C-NMR spectra were recorded on a BRUKER DRX-300 AVANCE spectrometer at 300. 13 2,2,4,4,6(1H,3H,3H,7H,10H ) 
Results and Discussion
After some preliminary experiments, it was found that a mixture of 6-amino-uracil 1a and isatin 2a in the presence of a catalytic amount of p-toluene sulfuonic acid (p-TSA) afforded 1H-spiro[pyrimido [4,5-b] C-NMR spectrum of compound 3a showed 16 signals in agreement with the structure, and the mass spectrum showed the expected molecular ion peak.
Encouraged by this success, we have extended this reaction to various 6-amino-uracils 1a-c and isatines 2a-c under similar conditions (using H 2 O/p-TSA), furnishing the respective 1H-spiro[pyrimido [4,5- We were not able to establish the exact mechanism for the formation of spiro[pyrimido [4,5- To further explore the potential of this protocol for the spiro-heterocyclic synthesis, we investigated reaction involving 6-amino-thiouracils 6a, b and isatins 2 and obtained 2,2Ј-bis(methylthio)-2Ј,3Ј-dihydro-3H-spiro[pyrimido- [4,5- Finally, compounds 4a, b, c, d, f, g, i and 7a, b, d, f were screened for antimicrobial activity using disc diffusion method.
17) The microorganisms used in this study were
Escherichia coli ATCC 25922, Pseudomonas aeruginusa ATCC 85327 (Gram-negative bacteria), Bacillus subtilis ATCC 465, Staphylococcus aureus ATCC 25923 (Grampositive bacteria). All of the compounds were dissolved in DMSO (100 mg/ml) and 25 ml of them were loaded to 6 mm paper discs. 100 ml of 10 9 cell/ml suspension of the microorganisms were spread on sterile Muller Hilton Agar plates and the discs were placed on the surface of culture plates. Table 1 shows the inhibition zones of compounds around the discs. The minimum inhibitory concentration (MIC) of the selected compounds which showed antibiotic activity in disc diffusion tests, were also determined by microdillution method 18 ) and compared to a commercial antibiotic ( Table 2) .
As can be seen from Table 2 , good to improved antibacterial activity was observed for most of the compounds against all species of Gram-positive and Gram-negative bacteria used in the study.
Conclusions
In summary, we have described an efficient and green synthesis for the preparation of spiro[pyrimido [4,5-b] quinoline-5,5Ј-pyrrolo [2,3-d] pyrimidine] via a condensation reaction of 6-amino-uracils and isatins in aqueous media. These products were evaluated in vitro for their antibacterial activities. Almost most of the compounds exhibited good to excellent antibacterial activity against all the tested strains.
